We assessed the effects of fire on the quality of herbaceous and browse forage for elk (Gervus e/aphus) and domestic sheep in the aspen (Populus tremu/oides) forest type. Selected forage species were sampled on burned and adjacent unburned areas during the summers of the first and second years after autumn prescribed burning of three sites in southeastern Idaho. These samples were analyzed for in vitro dry matter digestibility (IVDMD), crude protein, calcium, and phosphorus. This aspen type has a highly nutritious understory irrespective of burning. We found additional improvement in forage quality as a result of prescribed burning. In the middle of the first summer, aspen on the burned areas had higher crude protein and phosphorus contents, higher elk IVDMD, lower calcium contents, and lower calcium/phosphorus ratios than aspen had on the unburned areas. A month later, only crude protein levels of aspen remained higher on the burns. All of the shrubs analyzed in the first summer had higher crude protein levels on the burned areas. A year later, none of the shrubs or forbs on the burns had better forage quality than those under nearby unburned aspen. Pinegrass (Ga/amagrostis rubescens) on the burned areas in the second summer had more robust growth but lower IVDMD and crude protein values, likely due to more extensive flowering and seed production, than did pinegrass on unburned areas. Prescribed burning on these sites changed species composition from dense shrub motts to more palatable and nutritious forbs than were found on the unburned areas.
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There are more than 7 million acres (3 million hectares) of aspen (Populus tremuloides Michx.) in the West. Very likely fire has played an important role in maintaining most of this aspen. On the majority of sites, aspen is even-aged and is seral to conifers. A stand-killing fire at any time prior to the disappearance of aspen from a conifer stand often will result in a stand of vigorous aspen suckers (Jones and DeByle 1985) . Many decades of fire control in the West have resulted in mature to old aspen stands on most sites (Shepperd 1981) . Wildfire in the aspen forest today is an unusual event (DeByle and others 1987).
Silviculturists and wildlife biologists alike generally feel that a predominance of mature to old stands of aspen is not desirable for either the forest or wildlife. Hence, with increasing frequency in the West, land managers are taking steps to rejuvenate aspen on public lands. These steps include the use of prescribed fire to kill conifers that are taking over aspen sites and to kill the existent aspen trees for the purpose of stimulating growth of vigorous stands of young even-aged aspen root suckers ( fig. 1) . A multiaged mosaic of even-aged aspen stands eventually should be found in western forests. The ~nderstory in aspen usually is lush and contains many species palatable to both livestock and big game. Fire may increase at least the herbaceous component of this understory (Bartos and Mueggler 1981) (fig. 2 ). The attraction of burned areas to foraging ungulates, particularly big game, has led to frequent speculation that the forage on these burns is more nutritious than on adjacent unburned areas. This has been tested and found to be true for many vegetation types. The fiber content is often lower and the protein and phosphorus contents higher in the regrowth during the first couple years following fire (Blank 1984) . However, no test of this hypothesis for the western aspen-shrub community could be found in the literature. Therefore, we conducted an experiment with the following objectives:
1. To determine nitrogen, calcium, and phosphorus concentrations in aspen sprouts and selected species of grasses, forbs, and shrubs common to both burned and unburned aspen communities.
2. To compare in vitro digestibilities for elk and for domestic sheep of these plant species from both treatments.
2

MATERIALS AND METHODS
We selected three sites in the Caribou National Forest about 20 miles (30 km) west of Mton, WY. All three had been prescribed burned in the autumn of 1981. Burn severity ranged from high (Manning Basin site) to moderately low (Snowdrift I and II sites). These sites were in the Populus tremuloideslAmelanchier alnifolia-Symphoricarpos oreophilus plant community. These characteristic tall shrubs grow within an herbaceous understory dominated by Calamagrostis, Elymus, Lupinus, or Geranium (Mueggler and Campbell 1982) .
Plant samples were collected during the summers of 1982 and 1983 from the burned and adjacent unburned areas on each site. For the most part, we gathered only those species that made up the majority of forage and were common to both the burned and unburned areas. Each sample of a species consisted of material from 25 to 30 randomly selected plants. Woody plants were sampled by stripping the leaves and terminal segments of the current year's twigs. The entire aboveground portion of grasses and forbs was collected. Samples were immediately weighed to determine moisture content. They were put on ice in the field and frozen later that day. Prior to analyses, they were oven dried at 50 oC, weighed again, and ground to pass through a I-mm screen.
The Tilley and Terry (1963) technique as modified by Moore (1970) was used to determine in vitro dry matter digestibility (IVDMD). Rumen fluids from elk and domestic sheep, both maintained on alfalfa hay and pellets, were used for the IVDMD analysis.
The concentrations of nitrogen, calcium, phosphorus, dry matter, and ash were determined for each sample. The macro-Kjeldahl technique (A.O.A.C. 1965 ) was used to determine nitrogen. Plant samples for determination of calcium and phosphorus were ashed at 500 oC, put into solution in an acid medium, and filtered. Phosphorus was determined with a spectrophotometer using the ammonium molybdate-ANSA method (Harris 1970) , and calcium was determined using the EDTA titration technique (Allen and others 1974) .
We subjected these data to an analysis of variance. There were three replications (sites), two treatments (burned and unburned), nine plant species, and several collection dates.
The major comparison for the first postburn year (1982) consisted of one date and five species; the major comparison for the second postburn year (1983) consisted of three dates and nine species. The five species analyzed from August 22, 1982, were: aspen, serviceberry (Amelanchier alnifolia), snowbrush (Ceanothus velutinus), chokecherry (Prunus virginiana), and pinegrass (Calamagrostis rubescens). Another test for the first field season used two dates (August 2 and 22) but only two species, aspen and pinegrass.
In 1983, the three dates were July 15, August 15, and September 15. The nine species included the same five species as in 1982 plus blue wildrye (Elymus glaucus), sticky geranium (Geranium viscossissimum), blue lupine (Lupinus argenteus), and heart-leaf arnica (Arnica cordifolia).
For a year-to-year comparison, the five species from August 22, 1982, were matched with the same species from August 15,1983. We also made a comparison using only aspen and pinegrass for both August 2 and 22, 1982; and July 15 and August 15, 1983. Additional analyses using the least squares estimator, or in case of no overall statistical significance, the Shefi'e LSD test, were used to test for differences between species means (Neter and Wasserman 1974) .
All differences discussed in this paper are significant at least at the 0.05 percent probability level.
RESULTS AND DISCUSSION
Plant phenological stages were observed to be similar on both burned and unburned areas. Forbs bloomed throughout the season. Thus, several phenological stages offorbs overlapped within and between the burned and unburned areas. Pinegrass produced many culms and flowers in the burned areas but only a few in the unburned areas. Shrubs on the burned areas neither flowered nor set seed during either summer. So, dates instead of phenological stages are used for comparisons.
Irrespective of burning, changes in forage quality occurred as the season progressed. In the second year, for example, the earliest sampling yielded the highest quality (table 1) . Also, over the entire season, there were marked differences among species (table 2). Forbs had higher digestibilities than shrubs or grasses.
Fire improved forage quality during the first postburn growing season (1982) . Aspen on the burned areas on August 2, 1982, had a better calcium/phosphorus ratio, higher elk digestibility, higher crude protein and phosphorus levels, and a lower calcium content than on the unburned sites. However, 3 weeks later only phosphorus and crude protein levels were greater on burned si tes (table 3) . At that time, all shrubs on the burned areas had higher crude protein levels. Two (serviceberry and chokecherry) had lower phosphorus levels, and chokecherry had a lower calcium level (table 4). In the second growing season (1983), there were no improvements in quality of either shrubs or forbs that could be attributed to burning.
Some of the changes in quality of shrubs could be due to changes in growth form on the burns. In early August of the first year, most shrubs on the burned areas were less than 1 ft (30 cm) tall and had fewer stems and larger leaves than on unburned areas. By late August, secondary branching had appeared and the plants were up to 2 ft (60 cm) tall. In the second summer, these shrubs were 3 to 5 ft (100 to 150 cm) tall, with more branches and smaller leaves. Thus, shrubs in early August of the first postburn year had lower stem-to-leafratios than they did later in that summer or in the second year.
Higher levels of phosphorus in plants from burned areas were found only in aspen and only on August 2 of the first year. All of the other samples from the burns had either lower levels of phosphorus or did not differ from the unburned sites (tables 3, 4, and 5). Our findings are similar to those of others (Halls and others 1952; Meenely and Schemnitz 1981; Swank 1958) . 
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August 2 'For each pair of columns (first and second summers), the means not followed by a common letter are statistically different (p=O.05). Figure 3 -One year after a severe stand-killing fire in the aspen there is almost a complete coverage of globemallow and pinegrass on this Manning Basin site.
The calcium concentration of plants was generally lower on burned areas than it was on nonburned areas. Lay (1957) reported similar findings. Lower calcium contents produce lower calcium/phosphorus ratios on these burned areas. The possibility of interference with phosphorus metabolism in the animal is reduced with low calcium/ phosphorus ratios. Burning, at least in the first postburn year, improved calcium/phosphorus ratios by lowering them. Even then, with the exception of grass, all of our plant samples had much higher ratios than optimal for ruminants. Ratios of 1:2 to 2:1 are excellent, 2:1 to 3:1 are good, 3:1 to 5:1 are fair, and those larger than 5:1 are poor (Urness 1973) . However, plants poor in phosphorus may be good sources of protein, energy, or other nutrients.
Pinegrass in the first postburn year was similar on both burned and unburned areas (tables 3 and 4). (Different August 22 values in tables 3 and 4 are due to different subsamples and runs on aspen and pinegrass; the data are correct.) By the next year, pinegrass on burned areas was significantly lower in digestibility and crude protein than on unburned areas (table 5) .
Vegetati ve reproduction of perennial species usually occurs rapidly and vigorously after burning (Hadley 1970; Old 1969; Vogl1965; Wright 1969) . Shoots of herbaceous species produced after fire often are stiffer and more erect 6 than on unburned sites (O'Connor and Powell 1963) . Increased numbers of grass and forb flowers are stimulated by burning (Curtis and Partch 1950; Ehrenreich and Ackman 1963; Lemon 1949 Lemon , 1968 Lloyd 1972) , including pinegrass (Crane and others 1983; Weaver 1974) . On our sites, pinegrass on the severely burned areas not only produced more biomass, but uniformly flowered and produced a seed crop as well ( fig. 3 ).This flowering and seed production of pine grass likely caused the decrease in its quality on the burned areas (Chapin and Van Cleve 1978; Van Soest 1982) .
Flowering in forbs increased, too; but it is not usually associated with large changes in nutritive value, despite leaf loss through senescence (Van Soest 1982) . Thus, the forbs had higher forage quality at the end of the season than did the grasses, even though their phenology was similar.
Our study showed that burning causes changes in the digestibility and nutrient content of selected species growing in common on burned and unburned sites. However, relatively much larger changes in forage species composition and structure occurred on these sites after fire (figs. 2 and 3). These, no doubt, were more important to ruminants than our documented changes in nutrient contents or digestibility (Canon and others 1987). Fire, followed by an excellent growing season, stimulated a large increase in herbaceous biomass production. On inventoried plots in Manning Basin, the forbs, from a preburn base of 85 lb/acre (95 kglha), increased almost eightfold in the first postburn growing season and, in the second, about fifteenfold, to 1,254 lb/acre (1,405 kglha). Grass production increased from 280 lb/acre (315 kg/ha) to 646 U)/acre (724 kg/ha) in the first year and to 516 lb/ acre (578 kg/ha) in the second. The shrub component was reduced as dramatically as the forb component increased. (Brown and DeByle, in preparation, and unpublished data on file at the Intermountain Fire Sciences Laboratory, Forest Service, Missoula, MT.)
The forb species that dominated the postburn vegetation were not those sampled extensively in this study. A globemallow (Iliamna rivularis) that was not found prior to burning was the most abundant forb on these sites afterwards. Fireweed (Epilobium angustifolium) was also common on the burned areas but was nonexistent on the control areas. Both of these forbs were sampled in the second year. They had digestibilities over 80 percent throughout the second summer. Crude protein levels were also high, averaging 20 percent for fire weed and 18 percent for mallow. Wherever cattle and sheep grazed on the burned sites, these two forbs were highly preferred, often grazed to ground level. This was especially true in the first postburn year when these plants were quite succulent. Thus, burning introduced highly preferred and nutritious forages that otherwise would not have occurred on these sites. Free-ranging tame elk preferred the burned sites in the second and third summers after treatment. The composition and quality of their chosen diets are reported by Canon and others (1987) .
CONCLUSIONS
The benefits of these prescribed fires to ruminants, both wild and domestic, are substantial during the summer and autumn of the first several postburn years. Our burns provided a more nutritious forage resource than before, when shrubs dominated these sites. Forage also became more accessible because dense shrub motts were reduced. The height of forage, after burning, was totally within the grazing zone, in contrast to unburned sites dominated by shrubs, where much of the biomass often is above the reach of grazing ungulates. Thus, on these burned areas, animals could obtain a high-quality diet with relative ease (Canon and others 1987).
Generally, with or without burning, the nutritive quality of aspen understory is high (Collins and Urness 1983, Canon and others 1987) . The quality of our selected species improved only in the first postburn year. Wood (1988) found similar transient improvement in pine understory in South Carolina. In our study, we found that few species dropped below 50 percent digestibility even in late September. The shrubs averaged about 14 percent crude protein for all dates. The grasses and some of the forbs decreased to about 7 percent crude protein in late September, but still within the maintenance requirements for at least adult mule deer (Dietz 1965) . All of the plants were still green and growing in September.
